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(54) Method for kneading silane coupling agent-blended rubber composition 

(57) In a method for kneading a silane coupling 

agent-blended rubber composition prepared by blend- c l 1 

ing a natural rubber and/or a diene group synthetic rub- r iO» i 

ber with silica and a silane coupling agent, a coupling 
reaction of the silica with the silane coupling agent is 
carried out in a temperature range of 130 to 140^C. 
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Description 

BACKGROUND OF THE INVENTION 
(I) Field of the Invention 

The present invention relates to a method for kneading a rubber composition obtained by blending a rubber com- 
ponent with silica and a silane coupling agent. 

(ii) Description of the Prior Art 

Carbon black has so far been used as a reinforcing filler for rubber. This is because cart>on black has a high rein- 
forcing strength and abrasion resistance as compared with other fillers. In recent years, under social requirements for 
energy saving and resource saving, a reduction in heat generation of a compounded rubber has been required at tiie 
same time particularly for saving fuel consumption of automobiles. 

Silica is known as a heat generation-reducing filler for a compounded rubber. Particles of silica tend to coagulate 
due to a hydrogen bond of a silanol group which is a surface functional group of silica, and therefore a kneading time 
has had to be extended in order to improve a dispersion of silica particles into rulDber. In particular, since the surface of 
silica is hydrophilic due to characteristics of a silanol group thereof while rubber is lipophilic, there has been the defect 
that because of mutual repulsion, it Is difficult to mix and disperse them and therefore sufficiently good dispersion can- 
not be secured. 

Further, the surface of silica particles is add. and therefore silica has the defect that since silica adsorbs a base 
substance used as a vulcanization accelerator when a rubber composition is vulcanized, the vulcanization does not go 
on sufficientiy which results in the poor elastic modulus. 

In order to overcome these defects, a silica-blended rubber composition is blended with a silane coupling agent. 
Usually, a reaction mechanism of silane coupling agents Is considered as follows. 

In general, it is estimated tiiat a silane coupling agent used in the rubber industry decreases, as shown in Fig. 2, 
silanol groups present on the surface of silica particles by dehydrate-condensation reaction (coupling reaction of silica 
witii the silane coupling agent) of the silanol groups on the surface of silica witii silanol groups produced by hydrolysis 
of alkoxyl groups contained in the silane coupling agent to tiiereby improve the dispersion of silica into the rubber and 
that the silane coupling agent is chemically combined with rubber molecules by a reaction (gelation) of another func- 
tional group of the silane coupling agent with the rubber molecules to form a reinforcing structure. 

The preceding coupling reaction of silica with the silane coupling agent is hard to take place at low temperatures, 
and tiie reaction is considered to go on at temperatures of 140°C or higher in a rubber kneading process. In addition, 
there is the problem ttiat when the coupling reaction described above proceeds insufficientiy. egg-blisters are produced. 
Further, since tiie coupling reaction is an exothermic reaction, temperatures of 170**C or higher are reached in a short 
time. 

On the other hand, high temperatures of 1 70**C or higher brings about a tiiree-dimensional bridging reaction of rub- 
ber and increases rapidly the viscosity. 

Accordingly, the existing state is that a sufficiently long reaction time of silica with a silane coupling agent cannot 
be taken in an actual rubber kneading step and that in order to carry out sufficientiy the coupling reaction of silica witii 
the silane coupling agent, a step of kneading - cooling -kneading - is repeated many times, usually 5 times or more. 
Accordingly, problems are present in terms of the workability and the productivity. Another existing sfate is that the dis- 
persion of silica has not yet reached a sufficiently high level and in particular, the Industrially good dispersion of silica 
has not been obtained. 

Disclosed in Japanese Patent Application Laid-Open No. Hei 7-196850 is a rubber composition obtained by a 
mechanical treatment including at least one heat treatment of a copolymer having specific physical properties compris- 
ing conjugated diene and aromatic vinyl and silica having specific physical properties at temperatures falling in a range 
of 130 to ISO'C. preferably 145°C or higher. 

In this rubber composition described in Japanese Patent Application Laid-Open No. Hei 7-196850. the copolymer 
having specific physical properties and silica having specific physical properties are combined and subjected to a heat 
treatment at temperatures falling in the preceding range of 130 to 180*'C, preferably 145*^0 or higher in order to obtain 
a rubber composition having an excellent abrasion resistance. It is described only in the test F of the paragraph No. 53 
to use a silane coupling agent, and littie description on the silane coupling agent can be found. In addition, it is not dis- 
closed at all to enhance a dispersibility of silica into rubber by controlling reaction temperatures in a coupling reaction 
of conventional silica with a silane coupling agent. 
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SUMMARY OF THE INVENTION 

The present invention is made to solve the conventional problems described above, and an object of the present 
invention is to improve dispersibility of silica into rubber by controlling conditions of a coupling reaction of silica with a 
sriane coupling agent in a rubber composition prepared by blending a rubber component with silica and the silane cou- 
pling agent and to provide a method for kneading a silane coupling agent-blended rubber composition for obtaining the 
rubber composition which is excellent in a low heat-generating property and an abrasion resistance. 

Intensive investigations made by the present inventor in order to solve the conventional problems described above 
have resulted In finding newly that in a rubber composition prepared by blending a rubber component with silica and a 
silane coupling agent, there is a specific temperature range in which a coupling reaction of silica with the silane coupling 
agent proceeds, whereby a dispersion of silica into rubber is improved to a large extent to successfully obtain the rubber 
composition which is excellent in a low heat-generating property, a wet resistance and an abrasion resistance, and thus 
coming to complete the present invention. 

That is. the method for kneading a silane coupling agent-trfended rubber composition according to the present 
invention comprises the following constitutions (1) to (1 7). 

(1) A method for kneading a silane coupling agent-blended rubber composition comprises the steps of: blending a 
natural rubber and/or a diene group synthetic rubber with silica and a silane coupling agent; kneading a blended 
rubber composition; and carrying out a coupling reaction of the silica with the silane coupling agent in a tempera- 
ture range of 130 to 140*^0. 

(2) The method for kneading a silane coupling agent-blended rubber composition as described in above (1) further 
comprises the step of carrying out a gelation reaction of the silane coupling agent with rubber molecules in a tem- 
perature range of 140**C or higher. 

(3) The method for kneading a silane coupling agent-blended rubber composition as described in above (1) further 
comprises the step of carrying out the coupling reaction of the silica with the silane coupling agent and a gelation 
reaction of the silane coupling agent with the rubber molecules in a temperature range of 140*C or higher. 

(4) The method for kneading a silane coupling agent-blended rubber composition as described in above (1), 
wherein time for carrying out the coupling reaction desaibed above is 60 seconds or more in a temperature range 
of 130**C or higher. 

(5) The method for kneading a silane coupling agent-blended rubber composition as described in above (3). 
wherein time for carrying out the coupling reaction described above is 60 seconds or more in the aggregate in a 
temperature range of 130**C or higher. 

(6) The method for kneading a silane coupling agent-blended rubber composition as described in above (3), 
wherein time for carrying out the coupling reaction described above is 30 seconds or more in a temperature range 
of 140°C or higher. 

(7) The method for kneading a silane coupling agent-blended rubber composition as described in above (1). 
wherein tine preceding step of kneading the blended rubber composition is completed when a temperature range 
of 130 to 140**C is reached. 

(8) The method for kneading a silane coupling agent-blended rubber composition as described in above (2), 
wherein the preceding step of kneading the blended rubber composition is completed when a temperature range 
of 1 45 to 1 70°C is reached. 

(9) The method for kneading a silane coupling agent-blended rubber composition as described in above (3), 
wherein tiie preceding step of kneading the blended rubber composition is completed when a temperature range 
of 1 45 to 170«C is reached. 

(10) The method for kneading a silane coupling agent-blended rubber composition as described in above (1), 
wherein time for kneading the blended rubber composition described above is 60 seconds or more in a temperature 
range of 130°C or higher. 

(11) The method for kneading a silane coupling agent-blended rubber composition as described in above (3). 
wherein time for kneading the blended rubber composition described above is 60 seconds or more in tiie aggregate 
in a temperature range of 130*'C or higher. 

(12) The method for kneading a silane coupling agent-blended rubber composition as described in above (3), 
wherein time for kneading the blended rubber composition described above is 30 seconds or more in a temperature 
range of 140*'C or higher. 

(13) The method for kneading a silane coupling agent-blended rubber composition as described in above (1), 
wherein a blend amount of tine silica described above is 1 to 100 parts by weight per 100 parts by weight of the 
rubber component. 

(14) The method for kneading a silane coupling agent-blended rubber composition as described in above (1), 
wherein a blend amount of the silane coupling agent described above is 1 to 30 % by weight based on the weight 
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of the silica. 

(15) The method for kneading a silane coupling agent-blended rubber composition as described in above (1) fur- 
ther comprises the step of blending carbon black as a reinforcing filler in an amount of 200 parts by weight or less 
per 100 parts by weight of the rubber component 

(16) The method for kneading a silane coupling agent-blended rubber composition as described in above (1) fur- 
ther comprises the step of switching a rotation of a kneading rotor over to a low rate rotation when temperature 
reaches about 120**C. 

(17) The method for kneading a silane coupling agent-blended rubber composition as described in above (1) fur- 
ther comprises the step of adding water when temperature reaches about 120**C. 

According to the present invention, provided is a method for kneading a silane coupling agent-blended rubber com- 
position, wherein the dispersibility of silica into the rubber is enhanced to a large extent. Further, the rubber composition 
obtained by this kneading method, in which the dispersibility of silica into the rubber has been enhanced to a large 
extent, has a good processability and does not produce egg-blisters. In addition, the rubber composition is excellent in 
a low heat-generating property, a wet resistance and an abrasion resistance and can suitably be applied to rubber prod- 
ucts such as tires, conveyor belts, hoses, and the like, 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing a relation between a kneading time and kneading temperatures in a coupling reaction in the 
present invention. 

Fig. 2 is a diagram for explaining a reaction mechanism of the silane coupling agent and silica with the rubber mol- 
ecules. 

Figs. 3 (a) to (f) are graphs showing kneading patterns of the kneading conditions in the examples and the compar- 
ative examples. 

Figs. 4 (a) to (c) are continued from Fig. 3 and are graphs showing kneading patterns of the kneading conditions in 
the examples and the comparative examples. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

The preferred embodiments of the present invention shall be explained below in detail. 

The kneading method for a silane coupling agent-blended rubber composition according to the present invention 
(hereinafter called merely "the kneading method of the present invention") has been completed by finding newly the fact 
that there exists, as shown in Fig. 1 , a temperature range T^ to Tg in which the dispersion of silica Is accelerated by the 
coupling reaction of silica with the silane coupling agent, that is. a range of a coupling reaction-starting temperature T^ 
to a gelation-starting temperature T2. 

Furtiier, it has newly been found that there exists a temperature range T2 to T3 in which the silane coupling agent 
Is reacted with rubber molecules to form a reinforcing structure, that is, a range of the gelation-starting temperature T2 
to an upper limit temperature T3 of the workability (sheet property) and that the gelation forming this reinforcing struc- 
ture may be carried out in a series of the kneading steps including the step of carrying out the coupling reaction 
described above and may further be carried out in the step of vulcanizing the rubber. 

The dispersion of silica is accelerated in some cases also in the preceding gelation temperature range T2 to T3 
when a temperature distribution in the coupling reaction of silica with the silane coupling agent Is uneven in the temper- 
ature range T^ to T2 described above. 

Accordingly, in tiie method for kneading the rubber composition prepared by blending a natural rubber and/or a 
diene group synthetic rubber witii silica and the silane coupling agent, tiie kneading metiiod of the present invention is 
characterized by including the step of carrying out the coupling reaction of silica with the silane coupling agent in a tem- 
perature range of 130 to 140°C. 

Further, the kneading method of the present invention is characterized by including the step of carrying out the 
gelation reaction of tiie silane coupling agent with the rubber molecules in a temperature range of 140**C or higher. Or, 
the kneading method of the present invention is characterized by including the step of canrying out the coupling reaction 
of silica with the silane coupling agent and the gelation reaction of the silane coupling agent with the rubber molecules 
in this temperature range of 140**C or higher. 

In the kneading method of the present invention, the temperature range T^ to T2 in which the dispersion of silica is 
accelerated by the coupling reaction of silica with the silane coupling agent resides in 130 to MO'^C. 

The coupling reaction-starting temperature T-, is 130^*0, and the coupling reaction goes on in a temperature range 
of from this coupling reaction-starting temperature T-, up to 140**C which is the gelation -starting temperature Tg. Thus, 
the dispersion of silica is accelerated in this temperature range T^ to Tg. 
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The temperature of lower than 1 30**C causes the problems that a sufficient reaction of silica with the silane coupling 
agent is not carried out and egg-blisters are generated in extruding this blended matter. Meanwhile, since the temper- 
ature exceeding 140°C accelerates the gelation reaction of the silane coupling agent with the rubber molecules, the 
kneaded matter is gelatinized to make it difficult for silica to be dispersed. In addition, tenperatures of 1 70*^0 or higher 
5 are reached in a short time, and therefore a coupling reaction time of silica with the silane coupling agent becomes 
insufficient, which results in the Insufficient dispersion of silica. 

As described above, an uneven temperature distribution is present in the temperature range T2 to T3, and therefore 
a non-reacted part in the coupling reaction remains in some cases, wherein the coupling reaction continues over 140°C. 
This accelerates the dispersion of silica by the coupling reaction in some cases also in the gelation temperature range 
10 T2 to T3. T■^ , T2 and T3 show average temperatures in the inside of the kneaded matter. 

A reaction time for carrying out the coupling reaction of silica with the silane coupling agent, that is, the kneading 
time of the present invention in this case is 60 seconds or more, preferably 70 seconds or less in the aggregate in a 
temperature range of 130**C or higher. To be specific, the kneading time needed when the coupling reaction is carried 
out over 140**C is 60 seconds or more in terms of a kneading time accumulated from the temperature range of 130°C 
IS or higher 

The coupling reaction of silica with the silane coupling agent is sufficiently carried out in this temperature range T^ 
to T2, and the dispersibility of silica into the rubber is improved. 

Since the preceding coupling reaction of silica with the silane coupling agent and the like are an exothermic reac- 
tion, and the kneading temperature of the blended rubber composition is elevated during the kneading, the temperature 
20 has to be controlled to 130 to 140*»C. The temperature can be controlled by a method in which the kneading is carried 
out by switching a rotation of a kneading rotor of a kneading machine such as a banbury mixer over to a low rate rotation 
at a stage where the temperature is about 120°C. and/or a method in which water is added to the blended rubber com- 
position at a stage where the temperature is about 120°C to lower the temperature. 

In the kneading method of the present invention, the gelation reaction of the silane coupling agent with the rubber 
25 molecule starts in a temperature range of 140^*0 or higher, and the reaction is accelerated in a temperature range of 
1 45 to 1 70*C which is an upper limit temperature T3 of the workability (sheet property). Since the temperatures have to 
be varied according to the kind of the rubber used or the kinds and the amounts of the compounds for rubber such as 
oil and wax. the temperature T3 has a wide range. 

The above temperature of less than 140°C does not cause the reaction of the silane coupling with the rubber mol- 
30 ecule to go on sufficiently Meanwhile, the temperature exceeding 1 70^*0 causes a three-dimensional bridging reaction 
of the rubber and results in a rapid increase in the viscosity. 

In the temperature range of 1 40**C or higher, preferably 1 45 to 1 70*»C (1 45'*C^T2 to Tg^l 70*'C). a kneading time for 
carrying out the gelation reaction of the silane coupling agent with the rubber molecule and the like is 30 seconds or 
more, preferably 30 to 40 seconds. 
35 The reaction of the silane coupling agent with the rubber molecule is carried out sufficiently in this temperature 
range (T2 to T3) and the kneading time described above forms a reinforcing structure of the silane coupling agent with 
the rubber molecule. 

The gelation reacction for forming this reinforcing structure may be carried out in a series of the kneading steps 
including the step of carrying out the coupling reaction described above and also may be carried out in the step of vul- 
40 canizing the rubber after finishing a kneading operation in the step of carrying out the coupling reaction. 

As described above, the dispersion of silica is accelerated by the coupling reaction in some cases also in the pre- 
ceding gelation temperature range of Tg to T3 when a temperature distribution in the coupling reaction is uneven. 
Accordingly, the coupling reaction of silica with the silane coupling agent and the gelation reaction of the silane coupling 
agent with the rubber molecules may be carried out in the temperature range of 140**C or higher. In this case, when a 
45 reaction time for carrying out the coupling reaction of silica with the silane coupling agent does not satisfy a condition 
of 60 seconds or more at 130°C or higher, the coupling reaction is carried out preferably for 30 seconds or more, pref- 
erably 32 to 40 seconds in the temperature range of 1 40*C or higher. It is best as a matter of course that both requisites 
of 60 seconds or more at 130°C or higher and 30 seconds or more at 140°C or higher are satisfied. 

In the present invention, when the kneading operation is finished in the step of carrying out the coupling reaction of 
50 silica with the silane coupling agent, the operation is finished when the temperature reaches a range of 130 to 140**C 
at which the coupling reaction of silica with the silane coupling agent is finished. Further, when the gelation reaction is 
carried out In a series of the kneading steps including the step of carrying out the coupling reaction, the kneading oper- 
ation is finished when the temperature reaches a range of 145 to 1 70°C at which the gelation reaction is finished. 
The kneading operation described above are carried out preferably at one stage but may be carried out dividing it 
55 into two or more stages. 

Natural rubber (NR). diene group synthetic rubber and a blending thereof can be used alone or in a blending for the 
rubber component used in the present invention. The synthetic rubber includes, for example, synthetic polyisoprene 
rubber (IR), polybutadiene rubber (BR) and styrene-butadiene rubber (SBR). 
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Synthetic silicic acid hydrate is preferred as silica used in the present invention but shall not specifically be 
restricted. 

A blend amount of silica is 1 to 100 parts by weight, preferably 10 to 40 parts by weight per 100 parts by weight of 
the rubber component in view of a reinforcing property, a low heat-generating property and a workability 

The silane coupling agent used in the present invention shall not specifically be restricted as long as it is usually 
used in the rubber industry To be specific, preferred are bis(3-triethoxysilylpropyl)tetrasulfide. y-mercaptopropyltriethox- 
ysilane, y-aminopropyltriethoxysilane. N-phenyl-y-aminopropyltrimethoxysilane, and N-p-{aminoethyl)-raminopropyltri- 
methoxysilane. A blend amount of the silane coupling agent is 1 to 30 % by weight, preferably 10 to 20 % by weight 
based on the weight of silica. 

The blend amount of the silane coupling agent of less than 1 % by weight reduces the coupling effect, and the 
amount exceeding 30 % by weight increases sliding in kneading to extend the kneading time and therefore does not 
provide the effective kneading time. Accordingly, it is not preferred. 

SAF. ISAF and HAF can preferably be used as carbon black used for a reinforcing filler in the present invention, but 
it shall not specifically be restricted thereto. A blend amount of carbon black is preferably 200 parts by weight or less 
per 100 parts by weight of the rubber component described above. 

The blend amount of carbon black exceeding 200 parts by weight deteriorates the low heat-generating property to 
a large extent. The blend amount thereof is preferably 5 to 40 parts by weight in view of the reinforcing property and the 
low heat-generating property. 

In the present invention, compounding agents usually used in the rubber industry such as softening agents (wax, 
oil and the like), anti-oxidants, vulcanizing agents, vulcanization accelerators and vulcanization accelerator aids can 
suitably be blended, if necessary, in addition to the rubber component, silica, the silane coupling agent, and carbon 
black as the reinforcing filler each described above. 

In the kneading method of the present invention, the dispersion of silica is accelerated by kneading the rubber com- 
ponent, silica, the silane coupling agent, carbon black as the reinforcing filler, and the preceding rubber compounding 
agents blended if necessary by means of a banbury mixer in the temperature range Ti to T2 in the preceding kneading 
time to carry out the coupling reaction of silica with the silane coupling agent. 

When the gelation reaction is carried out in a series of the kneading steps including the step of carrying out the cou- 
pling reaction, the gelation reaction of the the silane coupling agent with the rubber molecules is carried out in the tem- 
perature range T2 to T3 in the kneading time described above to form the reinforcing structure (low heat-generating 
property and high abrasion resistance). 

The kneading method of the present invention can be applied to all of methods (kneading methods) for kneading 
rubber compositions blended with silica and silane coupling agents, whereby rubber products such as tires, conveyor 
belts and hoses which are the products produced by the above methods can be provided with an excellent low heat- 
generating property and abrasion resistance. 

EXAMPLES 

The present invention shall more specifically be explained below with reference to examples and comparative 
examples, but the present invention shall by no means be restricted by these examples. 

In the following examples and comparative examples, the kneading temperatures were controlled by switching a 
rotation of a kneading rotor of a banbury mixer over to a low rate rotation at a stage of about 120*^0 and/or adding water 
at a stage of about 120*'C. 

Examples 1 to 18 and Comparative Examples 1 to 5 
Comparative Examples 1 to 5 

Rubber compositions were prepared by kneading the blend components in the kneading conditions shown In the 
following Table 1 , that is, by kneading the blend components which were the same as or corresponded to those of 
Example 1 shown in the following Table 2 in the kneading conditions falling in the outside of the present invention. 

The blend components in Comparative Examples 1 to 5 and Examples 1 to 1 8 described later were kneaded in the 
conditions corresponding to the respective kneading patterns shown in Figs. 3 (a) to (f) and Rgs. 4 (a) to (c). 

Examples 1 to 10 

Rubber compositions were prepared by kneading the blend components in the kneading conditions shown in the 
following Table 2, that is. by kneading the blend components which were the same as or corresponded to those of 
Example 1 in the kneading conditions falling in the scope of the present invention in Examples 2 to 10, 
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Examples 11 to 18 

Rubber compositions were prepared by kneading the blend components in the kneading conditions shown in the 
following Table 3. that is. by changing the blend components and kneading them in the kneading pattern of the kneading 
5 conditions corresponding to Fig. 4 (b) in Example 8. 

The dispersibilities of silica into the rubbers in the rubber compositions thus obtained in Examples 1 to 18 and Com- 
parative Examples 1 to 5 were evaluated synthetically at a non-vulcanizing stage in terms of macro dispersion and 
micro dispersion. After vulcanization, the tan 6 (low heat generating property), the wet resistances and the abrasion 
resistances were evaluated. Further, the processabilities of the rubber compositions immediately after kneading and 
10 the presence of egg4Dlisters generated were evaluated as well. 

The dispersibilities at a non-vulcanizing stage, and the tan 6 (low heat-generating property), the wet resistances, 
the abrasion resistances, the processabilities and the egg-blisters after vulcanization were evaluated by the following 
methods. 

The tan 6 (low heat-generating property), the wet resistances and the abrasion resistances in Examples 1 to 10 
15 and Comparative Examples 1 to 5 were evaluated on the basis of those of Example 8 as a matter of convenience and 
were expressed by indices with those of Example 8 being set at 100. In Examples 1 1 to 18. they were evaluated on the 
basis of those of Example 1 1 and were expressed by indices with those of Example 1 1 being set at 100. 

The results thereof are shown in the following Tables 1 to 3. 

20 (1) Dispersibility of silica at non-vulcanizing stage 

A test piece was cut out of a non-vulcanized rubber and measured for a degree of macro dispersion by means of 
SEM (scanning electron microscope, magnification: 200 times) and a degree of micro dispersion by means of TEM 
(transmission electron microscope, magnification: 20,000 times) to evaluate them according to the following evaluation 
25 criteria: 

Evaluation criteria: 

(g): both macro dispersion and micro dispersion are good 
O ' macro dispersion is good 
30 X: macro coagulated lumps remain 

(2) tan 5 (low heat-generating property) 

The values of tan 6 were determined according to JIS K6301 . It is shown that the smaller the value of tan 6 is, the 
35 better the tan 6 is, and the more excellent the low heat-generating property is. 

(3) Wet resistance 

Tires (size: 185/70R13) for passenger cars in which the rubber compositions obtained in Examples 1 to 18 and 
40 Comparative Examples 1 to 5 were used for tread materials were manufactured by way of trial. They were installed into 
a passenger car for test to determine a turning radius in running on a wet road at a constant speed of 60 km/hr. It is 
shown that the smaller the value is. the smaller the turning radius is, and the more excellent the wet resistance is. 

(4) Abrasion resistance 

45 

Tires (size: 185/70R13) for passenger cars in which the rubber compositions obtained in Examples 1 to 18 and 
Comparative Examples 1 to 5 were used for tread materials were manufactured by way of trial. They were installed into 
a passenger car for test to determine an abrasion loss in running 0 to 10,000 km. It is shown that the smaller the value 
is, the smaller the abrasion loss is. and the more excellent the abrasion resistance is. 

50 

(5) Processability 

A sheet property observed immediately after kneading and extruding was evaluated and expressed by an index 
based on the following evaluation criteria. 
55 In the evaluation criteria, the evaluation is based on that of Example 8 (standard value: 1), and the larger the value 
becomes from 1 to 5 (maximum), the better the sheet property is; and the more the value is reduced from 1 to 0 and 
minus, the more the sheet property crumbles to decay, and the more the processability is deteriorated. 
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(6) Egg-blister 

The presence of egg-blisters on the rubber compositions obtained immediately after kneading and extruding 
inspected to evaluate it according to the following criteria: 
Evaluation criteria: 

O • No troubles caused by egg-blisters 

X: Egg-blisters generated to cause troubles 
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170 


Evaluation 












Non-vulcanization: silica dispersibility 


XX 


X 


X 


A 




tan 6 (low heat-generating property) 


140 


130 


120 


110 


105 


Wet resistance 


140 


130 


120 


110 


105 


Abrasion resistance 


130 


120 


110 


105 


102 


Processability 


5 


4.5 


1 


0—1 


-5 


Egg-blister 


Found 


Found 


Found 


Found 


Found 



*1: Manufactured by Nippon Silica Co.. Ltd. brand name: Nip Seal AQ, 

*2: Manufactured by Degusa Co.. Ltd.; brand name: Si 69 bis-(3-triethoxysilylpropyl)tetrasulfide 



8 



EP 0 837 095 A1 



o o o o 
tn IT) m rn 



n O fH H 



o 



o o o o o 
in in m «-< 



, O O O O |y* O 

m in *n ro 



o 



I OOOOfngH.H 

in in n fo H 



o o o o n o 
• in in f*i CO ^ 



20 



25 



30 



35 



X 
&3 



o o o o f** o 
' in m CO 



0 0 0 0^*^0 

' in m «*> <n ^ 



o o o o 9 
in in rn m 



o o o o rn ^ 
I in m <*> n " 



o 



o o o o m 
in in n 



o 



50 



0) 



c: 

0) 

c 
o 

% 

o 
u 

c 

0) 



M 
O 

4J 
<TJ 

u 
a; 

rH 
0) 

o 
o 
ns 

c 

4J O 
C -H 



m ^ ce: 

CQ 2 CQ 



CO O 



O CO 



iH r-4 



O O o 
CO ^ ri 



o o o 
ro n 



° S 
ro ^ VD 



o o o 
n vo 



o o in 
ro ^ 



o o o 
ro cn vo 



d 



Eh H 



o o o 
V ^ 



o o 



2 S 
S 15 " 



O <=> o 

S S " 



o o in 



5 ■ 



CQ 
U 

H e 



Cn 

u 
o 

CO 



m 
u 

0) 

a 



55 



9 



EP 0 837 095 A1 



TO 



© 



X 



@ 



25 



30 



35 



40 



O 



© 



O O 
00 vo 



o o 

CM H 



O O 
O O 



O O 
O O 



c 

O 



c 

o 

25 



0) 

o 
2; 



<u 
c 



o o 
o o 

iH r-l 



o o 
o o 



0) 



0)' 



o o 

O rH 



O O 
O O 



o 



o 
u 



0} 



50 



C 
O 



O -H 
•H CO 

o 

O OQ 
2 



O O 
O rH 



O O 
O CM 



cn 






a 






•H 






JJ 






(0 






U 






Q) 


















1 






JJ 




0} 


(Q 




0) 




u 






c 






(d 






4J 


O 


>. 


CQ 


r-i 


jj 


-H 




}H 


03 




0) 


(U 


oO 






c 


? 




m 










IS 



c 



0) 

o 



0) 
c: 
o 



0) 

o 
2: 



CQ 



T3 
JJ 
.4 



O 
O 



c 
o 
a 



JJ 
U 

m 
c 



ns cn 

0) 0) 

CQ O 

a >, 

S =^ 

to OJ 

c o 



55 



10 



EP 0 837 095 A1 



Tables 





Example 




11 


12 


13 


14 


15 


16 


17 


18 


Blend components 


















SBR 






100 




20 


100 


100 


100 


NR 


50 


50 




100 


80 








BR 


50 


50 














Silica"' 


30 


40 


30 


15 


10 


15 


20 


30 


Carbon black 


30 


40 


60 


30 


45 


90 


140 


200 


Silane coupling agent'^ 


3 


4 


3 


1.5 


1 


1.5 


2 


3 


Oil 


10 


20 


25 


0 


0 


60 


90 


120 


Wax 


1 


1 


1 


1 


1 


1 


1 


1 


Anti -oxidant 


1 


1 


1 


1 


1 


1 


1 


1 


Vulcanization accelerator (NS) 


0.7 


0.7 


0.7 


1.0 


1.0 


1.3 


0.7 


0.7 


Sulfur 


1.3 


1.3 


1.3 


1.3 


1.3 


1.3 


1.3 


1.3 


Kneading conditions 


















Kneading pattern (Fig.) 


4(b) 


4(b) 


4(b) 


4(b) 


4(b) 


4(b) 


4(b) 


4(b) 


Temperature; (°C) 


130 


130 


130 


130 


130 


130 


130 


130 


Temperature: Tg (**C) 


140 


140 


140 


140 


140 


140 


140 


140 


Kneading time (second) 


40 


40 


35 


30 


30 


30 


40 


40 


Temperature; T2 (**C) 


140 


140 


140 


140 


140 


140 


140 


140 


Temperature; T3 {°C) 


160 


170 


160 


145 


145 


155 


155 


155 


Kneading time (second) 


30 


40 


25 


35 


35 


30 


20 


20 


Temperature (°C) in discharging 


160 


170 


160 


145 


145 


155 


155 


155 


Evaluation 


















Non-vulcanization: silica dispersibility 


@ 


® 


0 


® 


@ 


0 


0 


0 


tan 5 (low heat-generating property) 


100 


80 


150 


80 


110 


160 


180 


200 


Wet resistance 


100 


80 


60 


90 


90 


80 


70 


60 


Abrasion resistance 


100 


60 


60 


80 


60 


80 


90 


100 


Processability 


















Egg-blister 


None 


None 


None 


None 


None 


None 


None 


None 



•1 : Manufactured by Nippon Silica Co., Ltd. brand name: Nip Seal AQ, 

•2: Manufactured by Degusa Co., Ltd.; brand name: Si 69 bis-(3-trielhoxysilylpropyI)tetrasulfide 



As shown in Tables 1 to 3, it has been clarified from a general point of view that the rubber composit'ons prepared 
in Examples 1 to 18 falling in the scope of the present invention have the good dispersibilities of silica at a non-vulcan- 
izing stage and are excellent in tan 6 (low heat-generating property), a wet resistance, an abrasion resistance and a 
processability after vulcanizing as compared with those of Comparative Examples 1 to 5 falling In the outside of the 
present invention and that troubles caused by egg-blisters do not take place, and the dipersibility of silica into the rubber 
is raised to a large extent 

Observing individual cases, the kneading was carried out in a temperature range of 130 to UO'^C at a kneading 
time of less than 60 seconds in Comparative Examples 1 to 5 falling in the outside of the present invention, and the 
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kneading was carried out in a temperature range of 140°C or higher in Comparative Examples 3 to 5. Since in these 
cases, the kneading time in the temperature range of 1 30 to1 40**C is short, the coupling reaction of silica with the silane 
coupling agent does not proceed sufficiently, and the dispersibility of silica at a non-vulcanizing stage is inferior. Accord- 
ingly, the processability is low, and egg-blisters are produced. In addition, it has been found that the tan 6 (low heat- 

5 generating property), the wet resistance and the abrasion resistance after vulcanization are low as well. 

In contrast with this, in Examples 1 to 10 falling in the scope of the present invention, the kneading was carried out 
in the kneading conditions falling in the scope of the present invention, that is, in the temperature range of 130 to 140"C 
at the kneading time of 60 seconds or more and/or in the temperature range of 1 40°C or higher at the kneading time of 
30 seconds or more while the blend components were the same as those of Comparative Examples 1 to 5 falling in the 

10 outside of the present invention. Since In these cases, the coupling reaction of silica with the silane coupling agent goes 
on sufficiently, and the dispersibility of silica at a non-vulcanizing stage is improved. Accordingly, the processability is 
good, and egg-blisters are not produced. In addition, it has been found that the tan 5 (low heat-generating property), 
the wet resistance and the abrasion resistance after vulcanization are excellent. 

Further, in Examples 1 1 to 18 falling in the scope of the present invention, the blend components were changed. 

15 and the kneading pattern in the kneading conditions was based on Fig. 4 (b) in Example 8. Since also in these cases, 
the coupling reaction of silica with the silane coupling agent goes on sufficiently as well, and the dispersibility of silica 
at a non-vulcanizing stage is improved. Accordingly, the processability is good, and egg-blisters are not produced. In 
addition, it has been found that the tan 6 (low heat-generating property), the wet resistance and the abrasion resist- 
ance after vulcanization are excellent. 

20 

Claims 

1. A method for kneading a silane coupling agent-blended rubber composition comprising the steps of: 

25 blending a natural rubber and/or a diene group synthetic rubber with silica and a silane coupling agent; 

kneading a blended rubber composition; and 

carrying out a coupling reaction of the silica with the silane coupling agent in a temperature range of 130 to 
140*C. 

30 2. The method for kneading a silane coupling agent-blended rubber composition as described in claim 1 . further com- 
prising the step of carrying out a gelation reaction of the silane coupling agent with rubber molecules in a temper- 
ature range of 140°C or higher. 

3. The method for kneading a silane coupling agent-blended rubber composition as described in claim 1 . further com- 
35 prising the step of carrying out the coupling reaction of the silica with the silane coupling agent and a gelation reac- 
tion of the silane coupling agent with a rubber molecules in a temperature range of UO'^C or higher. 

4- The method for kneading a silane coupling agent-blended rubber composition as described in claim 1 . wherein time 
for carrying out the coupling reaction is 60 seconds or more in a temperature range of 130**C or higher. 

40 

5. The method for kneading a silane coupling agent-blended rubber composition as described in claim 3, wherein time 
for carrying out the coupling reaction is 60 seconds or more in the aggregate in a temperature range of 130*C or 

higher. 

45 6. The method for kneading a silane coupling agent-blended rubber composition as described in claim 3, wherein time 
for can-ying out the coupling reaction is 30 seconds or more in a temperature range of 140**C or higher. 

7. The method for kneading a silane coupling agent-blended rubber composition as described in claim 1 , wherein the 
step of kneading the blended rubber composition is completed when a temperature range of 130 to 140**G is 

50 reached. 

8. The method for kneading a silane coupling agent-blended rubber composition as described in claim 2, wherein the 
step of kneading the blended rubber composition is completed when a temperature range of 145 to 170°C is 
reached. 

55 

9. The method for kneading a silane coupling agent-blended rubber composition as described in claim 3, wherein the 
step of kneading the blended rubber composition is completed when a temperature range of 145 to 170**C is 
reached. 
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1 0. The method for kneading a silane coupling agent-blended rubber composition as described in claim 1 , wherein time 
for kneading the blended rubber composition is 60 seconds or more in a temperature range of 130°C or higher. 

11. The method for kneading a silane coupling agent-blended rubber composition as described in claim 3. wherein time 
5 for kneading the blended rubber composition Is 60 seconds or more in the aggregate In a temperature range of 

130*'C or higher. 

1 2. The method for kneading a silane coupling agent-blended rubber composition as described in claim 3, wherein time 
for kneading the blended rubber composition is 30 seconds or more in a temperature range of 140''C or higher. 

10 

13. The method for kneading a silane coupling agent-blended rubber composition as described in claim 1, wherein a 
blend amount of the silica Is 1 to 100 parts by weight per 100 parts by weight of the rubber component. 

14. The method for kneading a silane coupling agent-blended rubber composition as desalbed In claim 1, wherein a 
IS blend amount of the silane coupling agent is 1 to 30 % by weight based on the weight of the silica. 

15. The method for kneading a silane coupling agent-blended rubber compositon as described in claim 1 , further com- 
prising the step of blending carbon black as a reinforcing filler in an amount of 200 parts by weight or less per 100 
parts by weight of the rubber component. 

20 

16. The method for kneading a silane coupling agent-blended rubber composition as described in claim 1. further com- 
prising the step of switching a rotation of a kneading rotor over to a low rate rotation when temperature reaches 
about 120*»C. 

25 17. The method for kneading a silane coupling agent-blended rubber composition as described in claim 1 , further com- 
prising the step of adding water when temperature reaches about 120°C. 
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FIG. 1 

i 




KNEADING TIME (SECOND) 
(AN ARROW IN THE GRAPH SHOWS A KNEADING END POINT) 
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FIG. 3 
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FIG. 4 
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